Morphogenesis in the retina of a slow-developing teleost: emergence of the GABAergic system in relation to cell proliferation and differentiation.
Gamma-aminobutyric acid (GABA) has been implicated in cell proliferation and differentiation during development. In the present study, immunohistochemical techniques were used to investigate the development of the GABAergic system in the retina of the trout and its relation to markers of differentiation [calretinin (CR), and tyrosine hydroxylase (TH)]. The expression of Pax6, an eye-patterning protein involved in the proliferation and emergence of specific retinal cell types, was also studied. Retinal layering was observed to begin centrally in prehatching embryos, as the first GABAergic cells appeared in the ganglion cell layer (GCL) and inner part of the inner nuclear layer (INL). At hatching, GABAergic cells were also observed in the horizontal cell layer (HCL). In alevins, GABAergic cells and processes spread laterally following retinal growth although they did not invade neuroblastic retinal regions. CR- and Pax6-immunoreactive (ir) cells were first seen in the GCL and the inner part of the INL, whereas sparse TH-ir cells appeared in the INL. In juveniles, GABAergic cells were observed in the GCL, inner part of the INL and HCL, whereas CR-ir cells spread to the outer part of the INL and HCL. A subset of CR-ir in the GCL and of Pax6-ir cells in the GCL and INL showed colocalization with GABAergic markers. This study provides further comparative knowledge about the development of GABAergic system of the retina in teleosts and shows differences and similarities with that reported in fast-developing species such as zebrafish, in which retinal expression of GABA was transient in some populations.